The aim of this study was to investigate the eect of the red light (630 nm) upon reactive oxygen species production by neutrophils in vitro. Blood samples were used for the study. The ow cytometry method was used for estimation of hydrogen peroxide production. A statistically signicant decrease of reactive oxygen species production by neutrophils was observed. The level of the decrease varied and it was dependent on the kind of spectrum of applied signals and dierent levels of energy light.
Introduction
Neutrophils are highly specialized white blood cells, contributing to the immune response. Their basic function is the destruction of phagocytised microorganisms. One of intercellular destruction mechanisms of pathogens is the production of reactive oxygen species (ROS), called respiratory burst [13] . The mechanism of the respiratory burst consists in a more than ten times increase of the consumption of oxygen, as well as in the production and release of large quantities of superoxide radical anion ( . O − 2 ) outside the cell. The dismutation of this radical causes the formation of hydrogen peroxide (H 2 O 2 ). The respiratory burst causes the formation of large quantities of . O − 2 and H 2 O 2 around the phagocyte cells. Hydrogen peroxide, as a reactively weak and electrically inert compound, can easily penetrate the cell's membrane and appear in several places of the cell completely dierent from those, in which it is being produced. Activated neutrophils are one of the main sources of ROS in the organism [2, 4] .
The NADPH oxidase is an enzyme catalyzing the production of superoxide anion from oxygen and reduced nicotinamide adenine dinucleotide phosphate (NADPH). The NADPH oxidase is a key driving force in powering the microbicidal capacity of neutrophil cells. Mutations in any component of the NADPH oxidase prevent the eective functioning of the neutrophil. Normal functioning of neutrophils relies upon the concerted action between the NADPH oxidase and dierent ion channels, which enables neutrophils to prodigiously fulll their important role when recruited to sites of inammation or infection [5] . * corresponding author; e-mail: hnawrocka@ump.edu.pl
The electric qualities of the light, which is capable of generating electric excitation when absorbed, have to be taken into consideration. By denition, there is an intense oscillating electric eld (E) associated with visible and near infrared (NIR) photons. This eld produces electrical current if free electrons are present in the medium. The presence of the current leads to the absorption of the energy and conversion into heat (the Joule heating). When the electric eld of a photon that oscillates at the same electronic resonant frequency approaches the electron, it is absorbed and electronic excitation occurs. Any other frequencies are not absorbed, but they modify the frequency of oscillation of bound electrons. Because of this interaction, the light slows in the medium and is refracted, and some of its energy is stored in the medium in the form of electric potential energy. This exchange of energy produces electric dipole transitions of the material, i.e. dipoles change their internal characteristics due to a displacement of bound charges [6] .
When cells are irradiated with visible wavelengths a variety of stimulatory eects are observed in their metabolism. The rst goal of irradiation with light of 630 nm wavelength are mitochondrions. The light--induced electric eld is able to change the membrane potentials in the mitochondrial membrane by transferring charges from the outer side to the inner side or directly by a polarization of membrane dipoles [6] . Research on the inuence of monochromatic visible and near-infrared light showed that the use of light of 633 nm length causes an increase in mitochondrial membrane potential (∆Ψ ) and proton gradient (∆pH), and also modies the NADH dehydrogenase reaction and increases the rate of ADP/ ATP. NADH dehydrogenase is considered to be a probable photoacceptor of the red light. Biological cell response to the visible light irradiation is caused by phys-(A-57) ical and/or chemical changes of photoacceptor, components of respiratory chain and cytochrome c oxidase [7] .
A consequence of the absorption of light quanta is also the depolarization of the cell membrane and calcium ions (Ca 2+ ) inux into the cell [7] .
Cells with less than normal intracellular pH, that is with the redox state shifted in the direction of reduction, are more sensitive to the stimulating light in comparison with the cells the individual parameters of which were optimal or close to optimal [7] .
Other studies showed that a low-level laser therapy decreased the production of ROS by neutrophils, the levels of neutrophil anti-apoptotic factors, the IL-1β
concentration, and lung myeloperoxidase activity after lipopolysaccharide-induced lung inammation [8] .
The red light is used singly as a physiotherapy method [1] .
We have investigated whether dierent density of the red light energy and dierent signal spectrum can cause eect on reactive oxygen species production by neutrophils.
Material and methods

Material
Blood from healthy volunteers was used for the purpose of the study. Lithium heparin was used as the anticoagulant.
Methods
DCFH-DA (Sigma-Aldrich, USA) was used to show the presence of hydrogen peroxide [3] . For statistical analysis, Wilcoxon test and descriptive statistics were used.
Results
In our work, we chose the following abbreviations for the samples: comparison with those without the inuence of this factor). M2P2 program inuenced (p ≤ 0.02) the unstimulated neutrophils to the least extent, in comparison to the other programs, the decrease level of DCF uorescence was in the range 1820% for all used light energy densities. The highest changes were caused by programs M2P3 or M1P3 or M1P2, when the generator was adjusted to the lowest used energy density. Only the highest energy density, when the program M2P3 was used, caused almost the same decrease of DCF uorescence (32%) that the lowest density of this program (31%) (Fig. 1a) . The biggest statistically signicant (p ≤ 0.01) changes of DCF uorescence of PMA stimulated neutrophils was caused by M2P3 program (Fig. 1b) . The level of decrease was 35%, 29%, and 35% respectively for the red light energy densities: 1.17, 1.20, and 1.23 J/cm 2 . For the same energy densities but with M1P3 program using, the red light caused decrease of ROS production (p = 0.01) respectively by 31%, 25%, 29%. M2P2 program also caused large decrease of DCF uorescence (35%, p = 0.01) when energy density was 1.12 J/cm 2 in comparison to those samples without the inuence of the red light. The energy density: 1.17 and 1.19 J/cm 2 for this program caused 21.5% and 19.5% decrease of DCF uorescence. We observed inversed relation with the decrease (p = 0.02) of ROS production by the use of the M1P2 program. The smallest energy density caused the lowest decrease (18%) of DCF uorescence. Higher level of energy density entailed the greatest changes (22.5%) after application of this program and the biggest used energy density caused smaller DCF uorescence decrease (21.5%) than lower energy density of red light (Fig. 1b) .
We estimated the value of the quantity of the respiratory burst, in comparison to the respiratory burst in native samples (21) and the respiratory burst in the samples inuenced by red light (43). We obtained statistically signicant changes (p ≤ 0.02) of quantity of the respiratory burst when the M1P3, M2P2, M2P3 programs were applied (Fig. 2) . The respiratory burst in the samples inuenced by R was decreased in comparison to the respiratory burst in native samples. The M1P3 caused 28% of the DCF uorescence decrease after the red light irradiation only for 1.17 J/cm 2 of energy light density. The M2P2 program caused a decrease of respiratory burst by 45% and 24% when the energy density was, respectively, 1.12, and 1.17 J/cm 2 . The M2P3 caused changes: 35%, 30% and 36% for all used energy densities.
Discussion
The red light can inuence a few cellular mechanisms of ROS production by neutrophils, such as the mechanism of PKC activation, intra-and extracellular Ca 2+ inux or electron current generated by NADPH oxidase.
Protein kinase C (PKC) isoforms were implicated in the oxidative burst as potential key activators of NADPH oxidase, because the stimulation of neutrophils with phorbol esters activates PKC and leads to a strong oxidative response [13] . PKC isoforms are required for phosphorylation of p47phox (cytosolic subunits of NADPH oxidase), resulting in the assembly and activation of phagocytic NADPH oxidase [13] .
Intra-and extracellular Ca 2+ are required for full activation of the respiratory burst of human neutrophils, and the Ca 2+ inux from the extracellular space plays an important role either in the generation of reactive oxygen metabolites or in the activation of PKC [14] .
When cells are irradiated with red and NIR light, oscillations in calcium concentration are induced by releasing Ca 2+ stored in the endoplasmic reticulum [6] . Specic neutrophil responses can be stimulated by the potent chemo-attractants. Binding of chemo-attractants to receptors on the neutrophil plasma membrane releases intracellular calcium (Ca 2+ ) via the phospholipase inositol triphosphate pathway. This depletion of Ca
2+
in turn leads to Ca 2+ inux via store operated channels resulting in elevated Ca 2+ levels that are thought to be implicated in several Ca 2+ dependent pro-inammatory responses. In case of neutrophils, relling of these stores via store operated channels (a phenomenon known as capacitative Ca 2+ entry) is mediated by the NADPH oxidase. An important feature of the neutrophil NADPH oxidase is that it generates an electron current which depolarises the membrane. The electrogenic characteristic of the NADPH oxidase means that its inhibition will also abrogate the membrane depolarisation and augment Ca 2+ entry into the cell. The depolarisation thereby alters the electrochemical gradient across the neutrophil plasma membrane and limits Ca 2+ entry into the cell. The NADPH oxidase puts a protective restraint on Ca
entering into the neutrophil [5] .
The eects of a light-induced electric eld will be nonspecic because its intrinsic mechanism is to displace any bound charge in a wavelength dependent manner or to create membrane potentials. This does not mean that any enzyme or chemical bond will be functionally aected by the induced electric eld. The eect will depend on the level of cellular concentration of substrates, products and enzymes. These levels of concentration will be determined by the biochemical pathways that are active in the cell when irradiation occurs. Therefore, they will depend on the metabolic state of the cell. An increase in Ca 2+ concentration will initiate several metabolic processes. Enzymatic activity will be increased due to both the effects of Ca 2+ and the activation of enzymatic molecules by the light. The metabolism will be powered by the direct action of light on mitochondria, the eects of Ca 2+ on mitochondria, and the excitation of ATP in cytoplasm by the irradiation [6] .
The system of antioxidant enzymes which can be activated by the red light is: superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GSH-Px). Those enzymes reduce reactive oxygen species (H 2 O 2 is reduced in the presence of catalase and glutathione reductase to water and molecular oxygen) [15] . If they are activated, the level of ROS is reduced, as we observed in our research.
Conclusions
The red light inuenced the activity of neutrophils causing a decrease of H 2 O 2 production. A statistically signicant decrease of DCF uorescence was observed. M1P3 and M2P3 program caused similar results in both stimulated or unstimulated neutrophils for all used light energy densities. M1P2 program decreased DCF uorescence of stimulated or unstimulated neutrophils at the same level, only when the intensity was 1.17 J/cm 2 . For M2P2 program it was observable that the higher density of the energy of light the lower decrease of H 2 O 2 production both by stimulated and unstimulated neutrophils. Each of the programs used by us can be useful in treatment of many diseases [8] , the result depending on the achieved level of ROS reductions.
A variety of autoimmune and inammatory diseases are mediated in some part by neutrophils, for example: gout, rheumatoid arthritis, pleurisy, peritonitis, and appendicitis. A variety of airway diseases are mediated by neutrophil inltration: chronic obstructive pulmonary disease, bronchiectasis, bronchiolitis, cystic brosis, and certain forms of asthma. In such cases of chronic brooding diseases, home light therapy could be also used for potential decrease of exacerbations and hospital admissions and for improvement of wound healing [8] .
